An accurate approximation for the conditional error probability on quasi-static multiple antenna (MIMO) channels is proposed. For a fixed channel matrix, it is possible to accurately predict the performance of quadratureamplitude modulations (QAM) transmitted over the MIMO channel in presence of additive white Gaussian noise.
I. INTRODUCTION
Since the capacity of conventional systems using a single antenna at both transmitter and receiver is limited by the modulation size, most of recent wireless systems use multiple transmit and multiple receive antennas (MIMO channel) to achieve higher data rates [18] [8] with a large diversity order [20] . Several techniques have been proposed to improve the performance of these multiple antenna systems regarding the wireless channel conditions, e.g. adaptive modulation [15] and antenna selection [11] .
An adaptive modulation technique [9] [10] selects the highest information rate (e.g. increase the modulation alphabet size) subject to a double constraint on error rate and the average transmitted power. The selection is conditioned on the instantaneous channel state information within the current frame. Hence, analytical expressions and numerical evaluations for the conditional error probability can be employed to establish an adaptive modulation scheme.
In this paper, we propose an accurate approximation of the conditional error probability in a MIMO system. This tight approximation is then used to design a new adaptive modulation scheme. In the latter, the information rate is adapted per transmit antenna which allows to achieve a high spectral efficiency with an improved adaptation flexibility. Taricco and Biglieri gave the exact pairwise error probability in [16] [17] for frequency non-selective multiple antenna systems. The pairwise error probability considered in their paper is the mathematical expectation over all channel realizations. Thus, their closed form expression cannot be used for adaptive modulation. Tarokh et.al. proposed in [21] a lower bound on the error probability for maximum-likelihood decoding of lattices and lattice constellations on a Gaussian channel. The lower bound in [21] is relatively tight for integer lattices with enough packing density.
Unfortunately, lattices in multiple antenna channels are non-integral and not necessarily dense.
The tight error probability approximation described in this paper is conditioned on a fixed channel realization. The method proposed here does not require an intractable evaluation of all pairwise error probabilities. It makes a judicious choice of dominant neighbors, via the application of Pohst/SchnorrEuchner enumeration [13] [6] [14] [1], inside a sphere centered around a constellation point. Then, the conditional error probability is estimated from a local Theta series that takes into account the number of constellation facets crossing the sphere center.
The paper is organized as follows. Section II introduces the notations and the channel model. The accurate approximation of the conditional error probability is given in Section III. Section IV describes the new adaptive QAM modulation scheme for multiple antenna channels. Conclusions . Following (4), the error probability of the constellation becomes
The factor ¡ is the probability that a point of the constellation G 7 belongs to the subset ! . In the subsections below, we describe how an accurate approximation of (5) 
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All antennas transmit the same QAM set
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Since " components out of must be on the PAM boundaries, then it is trivial to show that 
The above expression reduces to (6) when identical QAM sets are used on the MIMO channel. 
B. Evaluation of the subset error probability
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Step 2: For each y found in the previous step, check if the translate y + x belongs to the constellation
For the derivation of numerical results, we limited the number of points in (11) to
The size of a subset ! is approximated by 
IV. APPLICATION TO ADAPTIVE MODULATION
In adaptive modulation schemes, the transmitter adjusts its parameters (modulation size, transmit power, coding rate, etc) to the current channel state in order to guarantee a target error rate and achieve the highest possible spectral efficiency. We restrict our adaptation to the QAM modulation size on each transmit antenna. Power adaptation and coding rate variation are not considered in this paper. CSI is only available at the receiver side. The transmitter is informed via the feedback link about the current QAM adaptation to be applied. The objective of our adaptive modulation scheme is the following: Given an average signal-to-ratio per bit, find ), a Pohst lattice enumeration is used to limit the local Theta series inside a finite radius sphere. The local Theta series is derived from the original lattice Theta series and the point position within the finite multi-dimensional QAM constellation. As a direct application, we also described an adaptive QAM modulation for quasi-static MIMO channels. 
